CLAIMS 




1 1. A transport unit for moving a microelectronic workpiece, comprising: 

2 a housing^ having a guide member configured to move linearly along a linear 

3 track; 

4 a vertical nkfftber extending from said housing, said vertical member being 

5 carried by said housing tolmpve along a vertical path; 

6 an arm memofeLesrtefidmg from said vertical member, the arm member being 

7 carried by the vertical membek to rotate about a first vertical axis, and the arm member 

8 having an end effector disposed ror holding a workpiece and a first rotary actuator connected 

9 to said end effector for rotating saia end effector about a horizontal axis. 

£j y 2. r n^e transport unit according to claim 1, further comprising a second 

2 'rotary actuator connectea^o said vertical member for rotating said vertical member and said 

3 arm member about the first vertical axis. 

X3. The transport unit according to claim 2, wherein said arm member 
ncludes a first section and\a second section, said first section ^otationallyjcarried by said 

3 vertical member at a first end\thereof, and said first section rotationally carrying said second 

4 section at a second end thereof, said second section carrying said end effector, and wherein 

5 said transport unit further includes a third rotary actuator connected to said first and second 

6 sections for rotating said second\section with respect to said first section about a second 

7 -vertical-axis, 



4. TQie transport unit X according to claim 1 further comprising a lift actuator 
7" ( carried by said housing and connected to said vertical member to vertically move said 
3 vertical member with respect to said housing. 
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1 5. The transport unit according to claim 1 wherein said housing comprises 

2 a linear bearing configured to be coupled to a rail of an external guide system and an 

3 electromagnet for transporting said transport unit along the rail. 

l 6. The transport unit according to claim 1, wherein said end effector 



2 includes a horizontally extending member having at least one protruding member arranged 

3 for pressing an edge of a \w>rkpiece overlying said horizontally extending member, and a 

4 movable member, selective^ movable to press the edge of the workpiece against the 

5 protruding member to grip saidWorkpiece on said horizontally extending member. 

1 7. The transport unit according to claim 6, wherein said horizontally 

2 extending member comprises a Y-shaped paddle and said at least one protruding body 

3 comprises two pins, each pin extending perpendicularly from one leg of said Y-shaped 

4 paddle. \ 

1 8. The transport unit\according to claim 6, wherein said movable member 

2 comprises a plunger arranged to pressuhe edge of the workpiece, said plunger having a 

3 angled surface pressing said edge of said workpiece. 

1 9. The transport unit according to claim 6 wherein said at least one 

2 protruding member comprises two spaced ajDart pins, and wherein said pins include radially 

3 extending flanges at end of said pins spaced from said horizontally extending member. 

1 10. The transport unit accordmg to claim 9 wherein said pins include an 

2 intermediate base portion having a surface whi&h tapers toward a receiving surface of said 

3 horizontally extending member which is closest lb said workpiece, such that said workpiece 

4 is supported on an edge thereof having its bottonnsurface spaced from a top surface of said 

5 receiving surface. \ 
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11. Ihe transport unit according to claim 1, further comprising a workpiece 
presence sensor mounted to said effector, the sensor generating a signal corresponding to the 
presence of a workpieceW the effector. 

12. The wansport unit according to claim 11, wherein said effector 
comprises first and secondx upstanding portions which are arranged to press spaced apart 
locations on the edge of the workpiece to grip said workpiece between said first and second 
portions, one of said first and second portions being selectively movable to engage or 
disengage the workpiece from the effector. 

13. The transport unit according to claim 12, wherein said first and second 
portions include retaining portions which overlie of the workpiece opposite a supporting 
surface of said end effector. 

14. The transport \unit according to claim 1, wherein said arm member 

includes: 

a first section extending from said vertical member; 

a second section extending from said first section, said second section 
rotationally connected to said first section, said second section carrying said first rotary 
actuator and said end effector; and 

a second rotary actuator having a first portion connected to said first section 
and a second portion connected to said second section, and a rotary power source for rotating 
said first portion with respect to said sedpnd portion. 



15. A system for moving workpieces, comprising: 



a track asse 
a transport 
sliding movement along s 
member extending from s 
holding a workpiece, and a 
said end effector about a horizontal axis; and 
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aving first guide rail supported in a horizontal position; 
eluding a housing supported by said rail and guided for 
ical member extending from said housing, and an arm 
cal member, said arm member having an end effector for 
st rotary actuator connected to said end effector for rotating 



8 a fltnear acfBrting system coupled to the track and Uie housing for moving the 

9 housing linearly along the track. 



1 16. \The system according to claim 15, wherein said transport unit further 

2 comprises a second Rotary actuator connected to said vertical member for rotating said 

3 



vertical member and said arm member about a first vertical axis. 



1 17. The\system according to claim 15, wherein said arm member includes a 

2 first section and a secondWction, said first section carried by said vertical member at a first 

3 end thereof, and said firstWction rotationally carrying said second section at a second end 

4 thereof, said second sectiop carrying said end effector, and said transport unit further 

5 including a third rotary actu&fclj connected to said first and second sections for rotating said 

6 second section with respect tp wid fi^st^ection about a second vertical axis. 

1 18. The systenAaccording to claim 15, wherein said transport unit further 

2 comprises a lift actuator carried W said housing and connected to said vertical member to 

3 vertically move said vertical memojer with respect to said housing. 

1 19. The system acdbrding to claim 15, wherein said housing comprises at 

2 least one linear bearing for receiving said rail. 

1 20. The system according to claim 15, wherein said linear actuating system 

2 comprises an electromagnet for transporting said transport unit along said rail. 



i 

2 
3 
4 
5 
6 
7 



21. A sVstem for moving workpieces, comprising: 

a track assembly having a guide rail system supported in a horizontal position, 
the guide rail system incl^dijig a)first rail on one side of the track and a second rail on 
another side of the track; 

a first transpoftXunif including a first housing having a first guide member 
slidably coupled to said first rail\ a first vertical member carried by said first housing to move 
vertically, a first arm member carded by said first vertical member, and a first end effector 
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8 for holding a workpiece earned by said first arm member, said fifsf end effector being 

9 elevated from first, said arm member; 

10 a seebnd transport unit including a second housing having a second guide 
n member slidably coupled to said second rail, a second vertical member carried by said 

12 second housing to move vertically, a second arm member carried by said second vertical 

13 member, and a second end effector for holding a second workpiece carried by said second 

14 arm member, said second end effector being elevated from said second arm member; and 

15 wherein said first end effector is positionable to be superimposed over said 

16 second end effector so that the first workpiece held by said first transport unit can pass over 
n the second workpiece held by said second transport unit. 

1 22. The system Wcording to claim 21 wherein said first transport unit 

2 includes a first wrist tube connected between said first end effector and said first arm 

3 member for allowing rotation of saia ^nlrt^Bnd effector about a vertical axis with respect to 

4 said first arm member. — 

1 23. The system according to claim 22, further comprising a cap member 

2 connected between said first end effector and said first wrist tube to elevate said first end 

3 effector from said first arm member. \ 

1 24. The system according to claim 21 wherein said first effector includes 

2 raised pad areas, a vacuum channel, and a plurality of ports extending from said vacuum 

3 channel and passing through said raised pad areas to be exposed on a top side thereof, said 

4 ports for exerting vacuum pressure to an overlying wafer to hold said wafer to said end 

5 effector; and \ 

6 a plurality of locator pins, wherein one or more locator pins are adjacent each 

7 of said raised pad areas to precisely locate a wafer Wo said raised pad areas, and wherein 

8 said raised pad areas have a shape and orientation to contact said wafer only on a narrow 

9 edge region thereof. \ 
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1 25. Avrobot arm end effector for holding a workpiece, comprising: 

2 a paddle having an elongated structure with a plurality of spaced-apart raised 

3 areas on a first surfacevthereof for contacting a surface of a workpiece to be supported 

4 thereby, said raised areas\each having at least one opening and a conduit connecting said 

5 openings to a source of vacuum; and 

6 wherein said raised areas are arranged and configured to circumscribe portions 

7 of an annular area for contacting an outer edge of the workpiece. 

1 26. The end effector according to claim 25, further comprising locator pins 

2 arranged adjacent to said raised\areas to guide the workpiece onto said raised areas. 

1 27. The end effector according to claim 26, wherein said locator pins 

2 include angled surfaces for guiding the workpiece onto said raised areas. 

1 28. The end effectorac5cording to claim 25, wherein said elongated structure 

2 comprises two prongs, one of said raised^ areas carried by each of said prongs at a distal end 

3 of said prongs. \ 

1 29. The end effector according to claim 25, wherein said conduit comprises 

2 an open channel formed into a surface of said paddle and a plate-closeout for enclosing said 

3 channel. \ 

1 30. The end effector according to claim 25, wherein said elongated surface 

2 comprises a Y-shaped structure having two prongs and a base region, said raised areas being 

3 shaped in plan as portions of a circle and said portions located at distal ends of said prongs 

4 and at said base region, respectively, and said conduit comprises a channel formed into said 

5 Y-shaped structure beneath said first surface, and further comprising a plurality of locator 

6 pins, wherein each locator pin is located adjacent to said raised areas and outside of said 

7 circle to guide a circular workpiece onto said raised areas, and wherein a vacuum applied 

8 through said openings holds said workpiece to said raised areas. 
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1 31. \ A transport unit for manipulating a microelectronic workpiece, 

2 comprising: \ 

3 a base having a guide member configured to move along an elongated track; 

4 a linear aWator and an upright member carried by the base, wherein the linear 

5 actuator is coupled the uVight member to move the upright member along an elevation axis; 

6 an arm member carried by the upright member, the arm member extending at 

7 an angle relative to the elevhtional axis; 

8 an end-effectoX coupled to the arm member, the end-effector being configured 

9 to releasably hold a microelectronic workpiece; 

10 a first rotational actuator operatively coupled to the end-effector to rotate the 
n end-effector about a flip axis m a manner that moves the workpiece between a face-up 

12 position and a face-down position! and 

13 a second rotational actuator operatively coupled to at least one of the upright 

14 member and/or the arm member to rUatefthe arm member about the elevation axis. 

1 32. The transport uhnof clai^v^lTv^herein the end-effector comprises an 

2 edge grip end-effector having a plurality of raised areas, an opening at each raised area, and a 

3 conduit for connecting each opening to\i vacuum source, and wherein the raised areas are 

4 arranged on the end-effector in a circumr pattern to contact a peripheral portion of the 

5 workpiece. \ 

1 33. The transport unit of claim 32, wherein the circular pattern has a 

2 diameter of approximately 200mm to 300mm. \ 

1 34. The transport unit of claim\31, wherein the base comprises a housing, 

2 the upright member comprises a vertical memberl and the arm member comprises a first arm 

3 section coupled to the vertical member and a second arm section coupled to the first arm 

4 section. I 
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35. A transport unit for handling a microelectronic workpiece, comprising: 
a support structure having a guide member configured to be slidably attached to 

an elongated track; 

a shaft iAember carried by the support structure at an angle to the elongated 
track, wherein the shaft member is coupled to a linear actuator to move the shaft member 
along a linear elevation Aath relative to the elongated track; 

an arm menjber carried by the shaft member, the arm member projecting from 
the shaft member; 

an edge-grip Vnd-effector coupled to the arm member, the end-effector being 
configured to releasably engage only a peripheral portion of the microelectronic workpiece; 

a first rotational actuator operatively coupled to the end-effector to rotate the 
end-effector about a generally horizontal axis in a manner that moves the workpiece between 
a face-up position and a face-d<Wn position; and 

a second rotational actuator operatively coupled to at least one of the shaft 
member and/or the arm member to rotate the arm member about a first axis that is generally 
in the direction of the elevation pat 

36. The transport unit of claim 35, wherein the end-effector comprises a 
paddle having pins arranged in a circular pattern to contact an edge portion of the workpiece, 
and wherein the pins have a top flange and an inclined lower portion that define a groove to 
receive the edge portion of the workpiece. 

37. Ae transport unit of claim 35, wherein the end-effector comprises a 
paddle having a plurality of raised areas, an opening at each raised area, and a conduit for 
connecting each openina^^a vacuum source, and wherein the raised areas are arranged on 
the end-effector in a circular pattern to£ontact a peripheral portion of the workpiece. 

38. The transport unit of claim 37, wherein the circular pattern has a 
diameter of approximately 200jrnm to 300mm. 
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i 39. ^Tne transport unit of claim 35, wherein the support structure comprises 
r y a housing, the shaft member comprises a vertical member, and the arm member comprises a 

3 first arm section couplea to the vertical member and a second arm section coupled to the first 

4 arm section. \ 

1 40. A transport system for transporting a microelectronic workpiece 

2 between processing stations, the transport system comprising: 

3 a linear track having a first guide rail on a first side of the track; and 

4 a first transport unit including a first base having a first guide member slidably 

5 attached to the first rail, a first upright member carried by the first base to move along a first 

6 elevation path at an angle relative to the track, a first arm member carried by the first upright 

7 member, and a first edge-grip end-effector carried by the first arm member, wherein the first 

8 upright member is linearly moveable along the first elevation path, the first arm member is 

9 rotatable about a first elevation axis generally normal to the first arm member, and the end- 

10 effector is rotatable about a first flip axis generally normal to the first elevation axis. 

1 41. The transport system of claim 40, wherein the first end-effector 

2 comprises a first edge grip end-effector configured to contact a peripheral portion of the 

3 workpiece. \ 

1 42. The transport system of claim 40, wherein the first end-effector 

2 comprises a first edge grip end-effector having a plurality of raised areas, an opening at each 

3 raised area, and a conduit for connecting each opening to a vacuum source, and wherein the 

4 raised areas are arranged on the first end-effeotor in a circular pattern to contact a peripheral 

5 portion of the workpiece. \ 

1 43. The transport system of claim 42, wherein the circular pattern has a 

2 diameter of approximately 200mm to 300mm. \ 

1 44. The transport system of claim 4b, wherein the first base comprises a 

2 housing, the first upright member comprises a first\ vertical member, and the first arm 
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3 member comprise^a first arm section coupled to the first vertical member and a second arm 

4 section coupled to th\ first arm section. 



45. TheVansport system of claim 40, further comprising an electromagnetic 
linear actuator coupled to the linear track and the first base of the first transport unit, the 
electromagnetic linear actuatV having a plurality of permanent magnets arranged in a line 
along the track and an electromagnet attached to the first base. 



l 
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46. A\ transport system for transporting a microelectronic workpiece 
between processing stations within a processing chamber, the transport system comprising: 

a linear track having a first guide rail on a first side of the track and a second 
guide rail on a second side\of the track; 

a first transport unit including a first support structure having a first guide 
member slidably attached to\the first rail, a first elevation member projecting from the first 
support structure, a first arm member carried by the first elevation member, and a first end- 
effector carried by the first arnWember, wherein the first arm member is rotatable about a 

\ /"^ 

first elevation axis generally normal tojhe first arm member and the end-effector is rotatable 
about a first flip axis generally^^oraml ffo the first elevation axis; and 

a second transport umLincluding a second support structure having a second 
guide member slidably attached to theVecond rail, a second elevation member carried by the 
second support structure, a second arm member carried by the second elevation member, and 
a second end-effector carried by the second arm member, wherein the second arm member is 
rotatable about a second elevation axis generally normal to the second arm member and the 
second end-effector is rotatable about a second flip axis generally normal to the second 
elevation axis. 



1 47. The transport system of claim 46, wherein the first and second end- 

2 effectors comprise first and second edge grip endreffectors, respectively, and wherein the 

3 first and second edge grip end-effectors are configured to contact a peripheral portion of the 

4 workpiece. 
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1 48. The transport system of claim 46, wherein: 

2 the first end-effector comprise a first edge grip end-effector having a plurality 

3 of raised areas, an opening at each raised area, and a conduit for connecting each opening to 

4 a vacuum source, and ^herein the raised areas are arranged on the first end-effector in a 

5 circular pattern to contacts peripheral portion of the workpiece; and 

6 the second end-effector comprise a second edge grip end-effector having a 

7 plurality of raised areas, an\ opening at each raised area, and a conduit for connecting each 

8 opening to a vacuum source! and wherein the raised areas are arranged on the second end- 

9 effector in a circular pattern to contact a peripheral portion of the workpiece. 

1 49. The transport system of claim 48, wherein the circular pattern on the 

2 first and second end-effectors e^ch have a diameter of approximately 200mm to 300mm. 

1 50. The transport sVstem of claim 46, wherein: 

2 the first support stru£^& comprises a first housing, the first elevation member 

3 comprises a first vertical membeR--and the first arm member comprises a first arm section 

4 coupled to the first vertical memper and a second arm section coupled to the first arm 

5 section; and 

6 the second support structure comprises a second housing, the second elevation 

7 member comprises a second vertical! member, and the second arm member comprises a first 

8 arm portion coupled to the second vqrtical member and a second arm portion coupled to the 

9 first arm portion. 



1 51. The transport system of claim 46, further comprising: 

2 a first electromagnetic linear actuator coupled to the first side of the track and 

3 the first support member of the first transport unit, the first electromagnetic linear actuator 

4 having a plurality of first permanent magnets arranged in a line along the first side of the 

5 track and a first electromagnet attached to the first support structure; and 

6 a second electromagnetic li iear actuator coupled to the second side of the track 

7 and the second support member of the second transport unit, the second electromagnetic 
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a plurality of second permanent magnets arran] 
9 second side of the track and a second electromagnet attached to the second support structure. 



8 linear actuator having\a plurality of second permanent magnets arranged in a line along the 



1 52. An ^pparatus for processing a microelectronic workpiece, the apparatus 

2 comprising: ^ 



3 a processing^ chamber having a workpiece conveyor path, a first processing 

4 module on one side of the ^conveyor path, and a second processing module on an opposing 

5 side of the conveyor path, ^herein the first processing module includes a first plurality of 

6 processing stations and thip second processing module includes a second plurality of 

7 processing stations; 1 

8 an elongated track in the processing chamber, the elongated track extending 

9 along the conveyor path, and Ihe elongated track having a first guide rail on a first side of the 
10 track facing the first processing module; and 

n a first transport Vmit including a first support structure having a first guide 

12 member slidably attached to thl first rail, a first upright member carried by the first support 

13 structure, a first arm member ctoed by the first upright member, and a first end-effector 

14 carried by the first arm membraiwtjerein the first arm member is rotatable about a first 

15 elevation axis generally normal to the first arm member, and the end-effector is rotatable 

16 about a first flip axis generally normal to the first elevation axis. 



1 53. An apparatus for processing a microelectronic workpiece, the apparatus 

2 comprising: \ 

3 a processing chamber having a workpiece conveyor path, a first processing 

4 module on one side of the conveyor path, and a second processing module on an opposing 

5 side of the conveyor path, wherein the first processing module includes a first plurality of 

6 processing stations and the second processing module includes a second plurality of 

7 processing stations; 

8 an elongated track in the brocessing chamber, the elongated track extending 

9 along the conveyor path, and the elongated track having a first guide rail on a first side of the 

10 track facing the first processing module ar^d a second guide rail on a second side of the track 

1 1 facing the second processing module; 



-40- 




12 a first tr^isport unit including a first support structure having a first guide 

13 member slidably attached to the first rail, a first upright member carried by the first support 

14 structure, a first arm member carried by the first upright member, and a first end-effector 

15 carried by the first arm member, wherein the first arm member is rotatable about a first 

16 elevation axis generally normal to the first arm member, and the end-effector is rotatable 
n about a first flip axis generally normal to the first elevation axis; and 

18 a second transport unit including a second support structure having a second 

19 guide member slidably attached rp the second rail, a second upright member carried by the 

20 second support structure, a secondlagn member carried by the second upright member, and a 

21 second end-effector carried by thdWeond arm member, wherein the second arm member is 

22 rotatable about a second elevation axis generally normal to the second arm member and the 

23 end-effector is rotatable about a seqpnd flip axis generally normal to the second elevation 

24 axis. 
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